INTRODUCTION
Benzimidazole fungicides, e.g., carbendazim (methyl benzimidazol-2-ylcarbamate) and benomyl (methyl 1-(butylcarbamoyl) benzimidazol-2-ylcarbamate), have contributed to the protection of agricultural crops, but in recent years fungi resistant to the benzimidazole fungicides have caused a serious problem.1) Through extensive investigations, we found that methyl N-(3, 5-dichlorophenyl)carbamate (MDPC) possesses fungicidal activity against fungi resistant to benzimidazole fungicides, and that negatively correlated cross-resistance exists between MDPC and benzimidazole fungicides.2)" In order to obtain more effective compounds, we prepared a number of N-phenylcarbamates with various substituents on the benzene ring and at the ester moiety and assayed their fungicidal activities against benzimidazole fungicide-resistant Botrytis cinerea (gray mold of cucumber) and Cercospora beticola (cercospora leaf spot of sugar beet) in pot tests. Isopropyl N-(3,4-diethoxyphenyl)carbamate (diethofencarb) was found to have strong fungicidal activity against the fungi. This paper describes the structure-activity relationships of fungicidal N-phenylcarbamates and related compounds.
MATERIALS AND METHODS

Synthesis of Compounds
All N-phenylcarbamates listed in Tables 1  to 5 were prepared by the reaction of anilines with appropriate chloroformates in the presence of a base or by the reaction of phenyl isocyanates with alcohols.4) Optically active secbutyl and 1-phenylethyl N-(3, 4-diethoxyphenyl) carbamates were synthesized by using optically active 2-butanol and 1-phenylethanol purchased from Aldrich Chemical Co., Inc. and Tokyo Chemical Industry Co., Ltd., respectively. The thiocarbamates were prepared by the reaction of 3, 4-diethoxyphenyl isothiocyanate with ethanol or the isothiocyanate with 2-propanethiol, or by the reaction of 3,4-diethoxyphenyl isocyanate with 2-propanethiol. Ureas and amides were obtained from 3,4-diethoxyphenyl isocyanate and amines, and 3,4-diethoxyaniline and acyl chlorides in the presence of a base, respectively. N-Substitution of isopropyl N-(3,4-diethoxyphenyl)carbamate was performed by the reaction with iodomethane, acetyl chloride or benzoyl chloride in the presence of a base. The structure of each compound was confirmed by spectra. All melting points are uncorrected. The followings are the typical synthetic procedures. Isopropyl N-(3,4-diethoxyphenyl) carbamate (36) : Isopropyl chlorof ormate (1.2 g, 10 mmol) was added to a solution containing 3,4-diethoxyaniline (1.8 g, 10 mmol), N,N-diethylaniline (1.5 g, 10 mmol) and benzene (20 ml), and the mixture was stirred at room temperature for 3 hr. Then it was poured onto ice and the organic layer was washed with dil. HCI, aq. K2C03 and water. After drying over anhydrous MgSO4, the solvent was removed in vacuo and the residue was recrystallized from ethanol to give 2.3 g (86%) of white crystals, mp 100-100.5°C.
R-(+)-1-phenylethyl N-(3,4-diethoxyphenyl)-carbamate (55) : Triethylamine (0.1 g, 1 mmol) was added to a solution containing 3,4-diethoxyphenyl isocyanate (1.0 g, 4.8 mmol), R-(+) -1-phenylethanol (0.7 g, 5.7 mmol) and toluene (20 ml). The mixture was stirred at room temperature for 4 hr and worked up as described above. Recrystallization from toluene gave 0.8 g (50%) of white crystals, mp 102-103.5°C, [cc]D+56.2° (CHC13, c=1.0).
Isopropyl N-acetyl-N-(3, 4-diethoxyphenyl) carbamate (64) : To a solution of isopropyl N-(3,4-diethoxyphenyl) carbamate (1.3 g, 4.9 mmol) and N,N-dimethylformamide (20 ml), sodium hydride (0.2 g, 60% oil dispersion, 5.0 mmol) was added and the mixture was heated at 60°C for 15 min. Then, acetyl chloride (0.4 g, 5.1 mmol) was added dropwise and the mixture was stirred at 60°C for 1 hr. Work-up and purification through silica gel column chromatography gave 0.6 g (39%) of white crystals, mp 98-99°C.
Biological Tests
Fungicidal activity against fungi resistant to benzimidazole fungicides was measured by foliar and soil applications in pot tests. The soil application test refers to systemic activity. Fungicidal activity by foliar application was evaluated according to the method reported previously.2) Disease severity by B. cinerea and C. beticola was determined after 3 and 8 days incubation, respectively.
Fungicidal activity by soil application was determined in the following manner : Seeds of cucumber plants (cul. var : Sagami-hanj iro) were sowed in plastic pots (5.5 cm, 80 ml) filled with sandy soil and cultivated in a greenhouse for 8 days. The test compound was formulated as an emulsifiable concentrate containing 12.5 mg of the compound and 0.05 ml of solvating liquid which consisted of 9 parts of Sorpol PT-150 (an emulsifier, Toho Chemical Co.), 9 parts of dimethylsulf oxide and 1 part of xylene by volume, and the resulting concentrate was diluted with water to give 20 ml of aq. emulsion at desired concentrations. The pots were dipped in 20 ml of the emulsion and the plants were cultivated for 3 days at 18°C under fluorescent lamps. The pots were then transferred into a humid chamber and mycelial plugs (0.5 cm) of B. cinerea were placed on cotyledons. Disease severity was determined after 3 days incubation in darkness at 18°C.
Fungicidal activity was rated by visual observation from 0 to 5 : 0 ; below 25% controlled versus untreated, 1; 26-49%, 2 ; 50-69%, 3 ; 70-89%, 4 ; 90-99% and 5 ; 100%. RESULTS 
AND DISCUSSION
1. Effect of Benzene Ring Substituents Table 1 shows the fungicidal activity of methyl N-phenylcarbamates with various benzene ring substituents against B. cinerea resistant to benzimidazole fungicides by foliar application in pot tests. Methyl N-phenylcarbamate (1) did not show any activity at a rate of 200 ppm. Introduction of a chlorine atom or a methyl, methoxy or ethoxy group at the 2-, 3-or 4-position of the benzene ring (compounds 2-9) did not improve the activity. In a series of polysubstituted phenyl derivatives, however, 3,4-diethoxy (14), 3,5-dichloro (17), 3,5-dibromo (18), and 3,5-dimethyl (19) derivatives showed strong activity even at 50 ppm, and 3, 5-dimethoxy derivative (20) exhibited con-siderable activity. The other derivatives (10-13, 15, 16 and 21-26) were completely inactive. These results strongly indicate that the activity is highly dependent on the type of substituents as well as the substituted position on the benzene ring. 
Effect of Ester Moiety Substituents
Since 3,4-diethoxy and 3, 5-dichloro substituents on the benzene ring of methyl N-phenylcarbamates were found to be favorable for high activity, we examined the effect of ester moiety substituents of N-(3, 4-diethoxyphenyl)-and N-(3, 5-dichlorophenyl)-carbamates on the activity. As shown in Table 2 , the activity of alkyl N-(3, 5-dichlorophenyl) carbamates varied with the alkyl group. Of the compounds with unbranched alkyl groups, methyl (17) and ethyl (27) derivatives exhibited the high activity, whereas propyl (28) and butyl (30) derivatives showed reduced activity. Isopropyl (29) and sec-butyl (32) derivatives branching at the a-position exhibited considerable activity, whereas isobutyl derivative (31) branching at the fl-position and tent-butyl derivative (33) branching tertiarily at the a-position showed no activity. Therefore, it is likely that both the number of carbon atoms in the alkyl group and the branching pattern are determining factors in the activity. Table 3 shows the effect of ester moiety substituents of N-(3, 4-diethoxyphenyl)carbamates. Of the compounds with unbranched alkyl groups (14, 34, 35 and 37), ethyl derivative (34) showed the highest activity. Comparison of isopropyl (36) and ethyl (34) derivatives, sec-butyl (39) and propyl (35) derivatives, and 1-methylbutyl (41) and butyl (37) derivatives shows that derivatives having alkyl groups branching at the a-position are always more active than the corresponding a-nonbranched derivatives. Isobutyl (38) and tent-butyl (40) derivatives are inactive as in the N-(3, 5-dichlorophenyl) carbamate series. Introduction of halogen atom (s) at the fl-position of ethyl and isopropyl groups (compounds 42-44) maintains the high activity. Allyl (45), propargyl (48), and benzyl (51) derivatives also show high activity. Therefore, the presence of a fl-halogen atom, an unsaturated bond or a phenyl group in the ester moiety substituent is acceptable to high activity. In accordance with alkyl derivatives, branching at the a-position (compounds 46, 49 and 52) is favorable, but neither branching at the fl-position (compound 47) nor tertiary branching at the cposition (compound 50) was favorable in these unsaturated derivatives. In general, N-(3,4-diethoxyphenyl) carbamates showed higher activity than N-(3, 5-dichlorophenyl)carbamates when the same ester moiety substituents were used.
Some N-(3, 4-diethoxyphenyl) carbamates possess the asymmetric carbon atom in the ester moiety substituent. Therefore, we investi- Table 2 gated the activity of the optical isomers listed in Table 4 . The R-(+)-isomer (55) of 1-phenylethyl derivatives was more active than the S-(-)-antipode (56). Therefore, R-configuration of the ester moiety substituent was favorable to the activity of this compound. The optical isomers (53 and 54) of sec-butyl derivative showed the same activity in the test. This would be attributed to that these isomers are not discriminated by the critical site for the activity, because there is little difference between methyl and ethyl groups attached to the asymmetric carbon atom. Table 5 shows the fungicidal activity of compounds structurally related to diethofencarb (36). Thiocarbamates (57-59) are less active than corresponding carbamates (34 and 36). Ureas (60 and 61) with the amino group instead of the oxygen atom of carbamate and amides (62 and 63) with the methylene group do not show any activity.
Activity of Diethofencarb Analogs
Therefore, the carbamate structure seems to be favorable for high activity.
N-Acetylation (compound 64), N-benzoylation (compound 65), and N-methylation (compound 66) of diethofencarb (36) resulted in reduced activity, indicating the importance of the hydrogen atom attached to the nitrogen atom. The N-H hydrogen atom of carbamates may interact with the critical site for the activity through hydrogen bonding.
Systemicity and Activity against C. beticola
Isopropyl (36) and 1, 3-difluoro-2-propyl (43) derivatives of N-(3,4-diethoxyphenyl)carbamates show systemic activity against B. cinerea, having activity rating 4 at a rate of 0.3 mg per pot. The rating of 1-methylpropynyl derivative (49) was 3 at 0.3 mg. The activity of 1, 3-dibromo-2-propyl (44) and 1-phenylethyl (52) derivatives was weak, with a rating below 2 even at 1.25 mg. The above compounds were not so different in foliar application showing ratings higher than 4 at 12.5 ppm (see Table 3 ). Since the mobility of chemicals in soil and plants are considered to be related with the hydrophobicity, 5) the difference in activity by foliar application and soil application may arise from the difference in mobility in soil and/or plants based on the difference in hydrophoblclty.
Generally, the compounds which have potent activity against B. cineyea also show activity against C. beticola. The activity of some N-(3, 4-diethoxyphenyl)carbamates against C. beticola is shown in Table 6 . Diethofencarb (36) is moderately active, while 1-methylpropynyl (49) and 1-phenylethyl (52) derivatives are highly active. Such an effect of ester moiety substituents on the activity against C. beticola is somewhat different from that against B. cineyea. This difference implies that the critical points of fungicidal activity against B. cineyea and C. beticola are not the same.
Diethofencarb showed fungicidal activity against the resistant fungi not only in pot tests but also in petri-dish tests like MDPC.2) The negatively correlated cross-resistance, similar to that between MDPC and benzimidazole fungicides, 2) was also observed between diethofencarb and benzimidazole fungicides.
